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MARITIME SCINTILLATION IN THE EQUATORIAL ZONE

1.0 INTRODUCTION

Equatorial irregularities are known to give rise to amplitude (and
phase) scintillation of earth-space radiowaves. This phenomenon, analogous to
the twinkling of stars in the optical part of the electromagnetic spectrum,
nas been the object of research for several decades. Many excellent papers
have been published outlining the geomorphology and basic physics underlying

this extremely rich and interesting phenomenon. [Aarons, 1978; Crane, 1974;

Basu and Kelly, 1979; and recently Basu and Basu, 1981]. NRL and AFGL
scientists have contributed to this field through direct (in-situ)
measurements of ionospheric plasma characteristics in conjunction with
ionospheric plume formation in the equatoral spread F environment

[Szuszczewicz et al, 1980; Narcisi and Szuszczewicz, 19811. In addition, a
more fundamental understanding of equatorial scintillation has been derived
from computational physics experiments undertaken by the NRL Plasma Physics
Group [Ossakow, 1979] and a review of various spread F theories has been

published [Ossakow, 1981].

Experimental studies detailing scintillation properties abound in the
literature, and many interesting new results have been forthcoming during the
current (now receding) solar maximum epoch. Indeed, it was the result of the
anticipated increase in scintillation at UHF in the equatorial zone in 1980-61
[Goodman, 1980] which led to the experimental program discussed in this
report. Some aspects of L-Band scintillation are also discussed.

The US Naval Research Ship, USNS Hayes (T-AGOR-16), and shown in Figure 1,
was scheduled to participate in various oceanographic studies during tile first
half of calendar 1981, and measurements were to be made throughout the

Atlantic basin between Northern temperate latitudes to approximately
Antarctica in the Southern hemisphere. This expedition provided a unique
opportunity to examine the scintillation phenomenon over a wide range of
latitudes under nearly solar maximum conditions. The research capabilities of
the Hayes have been discussed by McClinton [1972].

Because of this unique opportunity plans were made to obtain data
pertaining to the ionospheric personality in the maritime environment during
the 1981 expedition of the Hayes. Accordingly, a Navy UHF Receiver, an

AN/SSR-I (the antenna component is shown in Figure 2 shown installed on the
Building 28 roof at NRL), was installed on the Hayes along with a High
Dynamics User Equipment (HDUE) CPS receiver. These systems would allow
recording of UHF (249 MHz) transmissions of the Navy FLTBCST channel of tie
Atlantic FLTSATCOM (a synchronous tactical communication satellite located at
geosynchronous altitude at a longitude of approximately 220 w) and also the

existing complement of NAVSTAR Global Positioning System (GPS) satellites. In

view of a number of exigencies associated with delay in acquisition of the
necessary GPS HDUE receiver and the necessary system checkout, the GPS data
was not available for the whole expedition and is not detailed herein. The
UHF data were obtained for the length of the cruise and are the primary
subject of this paper. Figure 3 shows the coverage pattern of the Atlantic
FLTSATCOM, Figure 4 shows the track of the Hayes, and Figure 5 shows the
geographic latitude variation. It is clear that most of the expedition was
concentrated in the Southern hemisphere.

Manuscript submitted -January 18, 1982.
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2.0 EXPERIMENTAL OBSERVATIONS

Upon examination of the scintillation records it was found that

nocturnal scintillation was detected much earlier (i.e., at higher geomagnetic

and geographic latitudes) than anticipated. The first occurrence of nocturnal

scintillation (greater than 30 dB) was evidenced on 7 January 1981, the

seventh day of the cruise. This was at 23.330 N, 46.970 W in geographical

coordinates and at an approximate geomagnetic latitude of 34 0 N and a dip

latitude of about 2 40 N. This was not anticipated on the basis of

predictions. Evidently solar maximum conditions had enhanced the zone of

scintillation occurrence (even though the international sunspot number was
"only" 89 on 1-7-81 but its long-term average was higher than this). This is

an heuristic deduction but is consistant with current theoretical

understanding of the relationship between scintillation and the Appleton

anomaly position. More will be said of this later.

Figure 6 is an example of a record of UHF scintillation for Julian Day

61/62 (2-3 March 81) between 2300 GMT and 0600 GMT. Scintillation was deep

but not totally continuous (sharp breaks were evidenced). The center of tile

chart (0200 GMT) is approximately local midnight. It is noteworthy that the

AN/SSR-l receiver, which was tuned to the UHF Fleet Broadcast at about 250

MHz, experienced heavy "fault" activity during the scintillation. This is

important for communication purposes.

Analog tape and strip charts were obtained during the course of the

expedition and these were returned to NRL for processing.

3.0 DATA ANALYSIS AN[) PRESENTATION OF RESULTS

Table 1 (two pages) contains the basic data extracted from the

preliminary analysis. For each Julian day (at 1200 GMT) are included in the

average values of the latitude (LAT), longitude (LON), and ship speed in knots

(SPD), the number of quarter-hourly opportunities for scintillation
measurement (NBR OBS), the maximum scintillation observed in dB (MAX SCNT),

the number of occurrences of scintillation between various ranges, tie maximum

fade observed (MAX FADE), the magnetic index AFR, the International Sunspot

Number (SSN), the geomagnetic dip angle (DIP), the average scintillation (dB),
and the average fade level (dB). In the Northern hemisphere scintillation is

seen to exhibit a sharp onset (as indicated previously) on 1-7-81 at which

time the dip angle (I) was 42 0 N. This corresponds to a dip latitude oi

240 N where tan 0 = 1/2 tan 1. On the return trip scintillation was also

observed at a dip angle of I = 61°N (a dip latitude of 42 0 N) but this may

not be related to the typical nocturnal Equatoral Spread F (ESF) phenomenon.

In the Southern hemisphere, scintillation was observed as far south as 200 S

dip latitude. Although the southern extent of the scintillation was not as

great, the magnitude of the scintillation in the Southern hemisphere was

greater than that in the Northern hemisphere. The peak average scintillation

occurred between -ll ° and -150 dip latitude ( :l0dB) in the Southern

hemisphere and between +80 and +15.50 ( > 7dB) dip latitude in the

Northern hemisphere.

During the expedition, equipment outage and other problems were minimal;

only on three days were there less than the full 96 one-quarter-hourly

intervals monitored for scintillation. Even on these days: 2-19-81, 2-28-81,

and 3-1-81, the number of intervals were non-vanishing, being 72, 34, and 93

respectively. This amounted to a total data recovery rate ot about 99.41 in

terms of the one-quarter-hourly assessments of scintillation. It is
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noteworthy that all data loss segments occurred when the ship speed was U

knots. The significance of this is not as yet known, but it is already not of

geophysical importance.

3.1 Geographical Variation

The field data were time-tagged every 15 minutes for the entirety of

the 104 days of the Hayes expedition and scaled for maximum fade level and
peak-to-peak scintillation over each 15 minute interval. This was done to

survey the data prior to the specification of high interest regions for
detailed processing, including spectral analysis and correlation of

scintillation events with communication system default indications, which were
also recorded.

Figure 7 is a calibration curve relating the recorded AGC (Automatic Gain

Control) voltage and the input signal level to the SSR-l receiver. We see
that the receiver is roughly linear between 0 and 2 volts. This constituted a
dynamic range of about 50 dB.

Figure 8 is a plot of the maximum quarter-hourly UHF peak-to-peak

scintillation (dB) observed each day between day I and day 104 of the
expedition. Figure 9 is the maximum quarter-hourly UHF fade depth (dB). Upon
comparison with Figure 5 it is clear that there is a paucity (indeed

non-existence) of scintillation when the ship was above 230 N or below
380 S, but there was strong scintillation within these latitudes.

Figures 10 and 11 show the daily variation of the maximum quarter-hourly
peak-to-peak scintillation (dB) and fade dcpth (dB) respectively. The circles
represent the amount of scintillation with radii being proportional with the
magnitude which ranged between 0 and 40 dB.

Of some interest also, is the geographical distribution of scintillation

duration. This is depicted in Figure 12. In this case we have presented in
graphical form circles whose radii are proportional to the number of
quarter-hourly intervals for which the scintillation exceeded 20 dB. The
maximum circle dimension corresponds to roughly 32 intervals (8 hours). It is
noteworthy that there were 51 days during the 104 day cruise for which
scintillation exceeded 20 dB for at least one (1) quarter-hourly interval.
Overall about 200 hours of scintillation ( >20 dB) was encountered. This
corresponds to about 7% of tile total observation time including latitude zones
where scintillation would not be expected, and daytime periods where
scintillation is scarcely observed.

Returning to Figures 10 and 11, we note that within the scintillation

zones there are breaks in occurrence of scintillation. In all there were b5
days in which scintillation was observed and 13 days for which scintillation
did not occur within the discerned scintillation zone (the Hayes being within
the scintillation zone approximately 78 days). Thus, nocturnal scintillation
within the zone occurred on 84% of the "opportunities". The reason for these
periods of no scintillation is not known.

3.2 Organization of Data by (;eomagnetic Iip Angle

Figure 13 shows the daily variation of magnetic dip angle during the
Hayes expedition. Figures 14 and 15 are plots of the maximum daily
quarter-hourly values of peak-to-peak scintillation (dB) and scintillation

3



fade depth (dB) respectively. Although the number of data points is sparse in
the Northern hemisphere, certain tendencies are clear. First, there is a

sharp cut-off of scintillation when the dip angle (I) of the geomagnetic field

exceeds 400 in absolute value. Secondly, there is a tendency for the
scintillation to be somewhat diminished at the dip equator itself. This would
have been predicted based upon past studies.

Figure 16 depicts the number of strong (,>20dB) scintillation intervals

for each day organized in terms of magnetic dip angle. Aside from the

manifestations of thej I >400 cut-off, there is no obvious pattern. The
greater scatter in the Southern hemisphere may simply be the result of more

opportunities in the region. It is noted, however, that for a dip latitude of

about -13.60 (-260 dip angle), there exists the most statistically
significant number of high ( >20dB) scintillation occurrences. Between a dip

latitude of about -90 and -160, there were no observation days for which

at least 5 hours of strong (>20dB) scintillation did not occur.

Another perspective can be obtained by averaging the data. Figures 17 and

18 are dip-angle-averages of the maximum UHF scintillation (peak-to-peak) and

scintillation depth respectively. Although the patterns are not strictly

symmetrical about the dip equator (dip angle = 0) there is a degree of

symmetry. The peak-to-valley ratio is 10 dB. Also shown are the number of
data points entered into each average per 5 degree latitude "cell". Clearly,

the Southern hemisphere is covered more fully.

Figure 19 is the average plot corresponding to Figure 16. Most of the
data were obtained for a dip angle less than or equal to -100. At a

magnetic dip angle of about -260, the average number of scintillation
observations (one-quarter-hourly intervals >20dB) was about 25 and this

corresponds to an average duration of about 6 hours. As indicated above, this

dip angle maximum corresponds to a dip latitude of -13.60.

Figures 20-23 are plots of the scintillation initiation start times

(referenced to local midnight) for scintillation >30dB, >20dB, >lOdB, and >0
dB respectively. Larger "lead" times mean that scintillation occurred
"earlier" in the evening. At high latitudes in the South American sector, the
scintillation started later in the evening than at intermediate latitudes (sav
near 160 dip latitude or 300 dip angle). In the more nearly equatorial

zone (say -5° dip latitude) the scintillation onset began to approach
midnight again. The overall pattern appears to be represented by less rapid

onset at the edge of the scintillation zone (+400 dip angle or +230 dip

latitude), a more rapid onset at intermediate equatorial latitudes, and a

slight dip near the geomagnetic equator (but favoring the South American zone).

3.3 Diurnal Variation of Scintillation

There is also a wide variation in the behavior of scintillation with
respect to the diurnal cycle. Figure 24 shows a more typical example of the

quarter-hourly fading range with respect to the mean signal level. Figure 25
is the magnitude of the fading range (peak-to-peak in (IB). Figure 2b shows

that scintillation occurrence during the night may he quite erratic.

3.4 Distribution of Scintillation Depth

Two types of distributions typically occur, but again there are wide
variations. The more distinctive types are shown in Figures 27 and 28.
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Figure 27 shows essentially an ''on-Otf'' type Ot scint i I lat ion; whtereas Iiguirc
28 shows that two equally probable distribut ions Somet usles oCCur1 Mln a Viveln

day , one correspond i ng to somewhat moderate tad ing amIp 1 it LIde aind tilt' SeC ohid

corresponding to strong scintillation. There was vi rtuallyI never a iuatilon
for which only moderate fad ing was observed oil any given tuav

.4.0 I)SCUSSION

-1. 1 SelIected (kunnents onl Equatorial Aeroiiorni

in order to explain the geograph icalI pat ternC Of t"IF SCo it IlIIat 1i

observed during the USINS Hayes expedition, in particular its broadojied

latitudinal extent , it is necessary to briefly comment onl thlt currItll t '.t at, i
knowledge of "'Equatorial Spread-F ( ESF)" ''romi a geomorpholo~gi cal and yicl

point of view.

BasLI and Basol [1981] have recent lv reviewed equator ial scin lotI atlov

especially for Gliz frequencies and reviews of Equatorial Spre-ad F IEel ev,

McClure, 19811 and various spread F theories have 'been put-i ished Cskw

19811. The reader is also directed to thle proceedings ot thle Sixt~i

Internatijonal Symposium on Equatorial Aeronomy [Matsushita et Z11, 11 Ij ant0
the Proceed ings of the NRI,/AFGL sponsored Ionospheric Eft ec ts (I ES '61I

Symposium [Goodman Clarke and Aarons, 19811 . Additilonal intormat ll )I

interest has been d isc losed in the recent IIRS I General Assemblyv booklet o I

abstracts [URSI General Asserblv/Washiiigton, DC, 19811.

It is currently believed that equatorial scintillat ion is peaked uo.,r tit,

crests of the equatorial (Appleton) ''Anomaly'' and this is pairticulairlv. Llltt
in thle Amer ican zone . Phienomeno logicall1y we find thiat when inoont ime Vali, ,I 0

tile ionospheric electron densities are observed (Speciti1caiv I K y max i Imill

densities) , two peaks are found sit uated on e ithe r side of t he tlicn

equator [Maeda et al , 1942; Appleton 194; 'Maeda , 195)5] I'he 1)05 Litiull 11,

stregthof this anomalous b~ehav ior e xhlib its a S trong diurnal and I ong 1iu i 11
variation and there are seasonal variations as well. T'he aomilv is tilonlgilt

to be formed by the combined effects of TJF drift and aniipolar diftusion.

Following s unr ise , dynamo act ion in thle E region produces an l-ast wa-rd -d irc:t .
electric field and this electric field Operates on, tilt! F region plasma
produc ing an tipwa rd drift (by tile right hand t humhb rul e ). Tilte yel c ity y-
this drift is proportional to the strengthl of tile electric I iold k%'
Fx /B2) where F is in volts/rn, B is in TestIa, and V is in iii/sec. Another
process causes this p1lasma to di ffuse downward al1ong magnet ic ti old I ii nes
(gravit ational force and tilt, pressure gradient force). Di f fis ionl IS kno"Wn I o

be a malor factor in controll1ing the shape and behavior o1 the upper F
region. This diffusion process was init ial ly invoked to koXilaiii tOe

positioning of the F2 layer peak. It occuirs only alonig mlagnet ic I it-ld lt-
and depends upon elect ron dens i ty and t empera tuLre graditst- as wetl 1 5Is Ii'
plasma scale height. Diffusive equilibrium is disrupted it the sclek hol*g!
of the tops ide F region changes rapidly. Th is WOLIlId occu lIov er ti equa olI II kII !

the restllt of an FxB source o~f bottoms ite plasmla. Inl anyv case, the nok' "ttect
is that equlatori al ionization (plasma) is transported Lo hotil til, north Aulik
souith of thle equator produc ing a retlat ive minimum at thet' Ckt ~or ind1 p' a ks
s urrounidi ng the e qua tor [Anderson , 1q731I. Thet arccepted mec han is 511i

describing tile Appleton or equator ial auiomal y - somott uies calI led ti ' Ilk"t011t a1in

effect'' is due to Martyn [19471. The AppIe t On anllialy ac t Ia IIv begil 1 hu 11111ug11)
the dayt ime (around 1 100 LMT) and progre sse s polIowa rd t o l artger dip1
(inclinat ion) angles . The anomaly reaches its max i niim dovelIopmnt at about

2000) houirs J.MT with the crest nearer to the geographi c eqilat or tingI, tiet most



daily variations in the geomagnetic field. Tile reader is reminded of the
basic principles of dynamo theory which are listed below:

(i) Tidal forces introduced by the sun and the moon (24 hour

periodicities).
(ii) Tidal forces produce standing waves which cause large

horizontal air motion.
(iii) Air motion across the earth's geomagnetic field gives

rise to (induces) EMF forces which drive currents in the

E region because of the large conductivity there.
(iv) Polarization charges are introduced which modify the flow

of current; this is caused by spatial variations in
electrical conductivity.

(v) The polarization charges generate electrostatic fields
which cause electrodynamic drifts.

In addition to the F-region dynamo, which is obviously central in the

production of the Appleton anomaly, there also exists an F-region dynamo
driven by the global thermospheric wired patterns [Rishbeth, 1981].

As indicated above, the post-sunset behavior of the vertical F region
drift can most likely not be accounted for by the assumption of tidal-E region
fields alone [Rishbeth, 19811. (This argues for increased importance of the
F-region dynamo action). The F-region dynamo fields, also driven by winds in
the F region, are not important in the daytime since they are short circuited
by the large E region conductivity. However, at night, and especially at
sunset when the E region (and its conductivity) disappears, a substantial F
region polarization field develops. The F region dynamo most likely is a
candidate to explain the "pre-reversal" enhancement in vertical plasma drift
at 2000 LMT. Furthermore, it has been shown by Heelis et al [19741 that
during the evening and pre-midnight hours there exists a shear in the
East-West plasma drift velocity. Near the F2 peak and above the flow is to
the East, below the F2 peak the flow is Westward. The topside Eastward motion
is caused by the polarization field in the F-region which however, operates
inefficiently in the E-F valley region below the F2 peak. The bottomside
motion (evening zonal plasma motion) is westward being driven by E region
Westwaid-directed E fields generated to the North and South of the dip equator
and coupled to the valley region along magnetic field lines. The F region
polarization field therefore builds up at night and this "open circuit"
condition drives plasma rapidly to the East. The polarization field reaches a
value of UB where U is the neutral air speed [Rishbeth, 19811. For B = 30 UT
and U = 200 m/sec, the polarization E field = 6 m V/m. This field may drive
the equatorial thermospheric gas at greater than the earth's rotation velocity
- "super rotation" - by the process of ion-neutral drag. The "normal" F
region vertical drift - driven by the E region dynamo - is downwcrd at night
and upward during the day. However the polarization field in the F region
(which drives the super rotation at night) also may have east-west components
especially at sunrise and sunset. This yields vertical drift. The sunrise

effect is small because of low relative F region density.

The ExB drift caused by the F region dynamo and preferential botLomside

recombination following sunset causes a net upward movement of middle and
upper F region plasma an a steeper ng of the bottomside gradient of electron
density. The tendency t -'4vel ,pnt of irregularities in the F region at
night is not prevented si theL-' is no E region conductivity. According to
Ossakow -9811 the steepened hottomside is conducive for growth of plasma
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density fluctuations by collisional Rayleigh-Taylor, ExB gradient-drift, or
other fluid-type gradient instabilities. The process is now one in which
polarization Kx-T fields will drive the plasma density depletions
(non-linearly) vertically through the ionosphere to the topside. Their
presence on the topside produces spread F on ionograms. Equatorial spread F

(ESF) constitutes a range of irregularities producing scintillation as well.
According to the "plume" theory, the plasma bubbles become steepened ol their
topsides, bifurcation occurs, and the process cascades.

The maximum altitude reached by the plasma bubbles is of considerable

importance especially since the Hayes-related scintillation occurred at such
great latitudes suggesting that the ESF was mapped (along field lines) from

exceedingly high altitudes. Using data obtained from the Allouette 2 and lSIl
I topside sounders, Benson [1981] has remotely detected the maximum altitude
of equatorial ionospheric plasma bubbles. Dyson and Benson 11978I have
previously examined the field-aligned nature of this class of irregularities.
The observations by Benson are of ducted HF sounder signals which are guided
along geomagnetic field lines (actually being guided by the irregularities in
refractive index or electron density which are aligned with the B field). He
finds that the maximum bubble altitudes may exceed 2000 km but this is
principally in the American sector. This fact is consistent with the

suggestions of plume altitude from the Hayes observations.

4.2 Soviet Maritime Observations

Other collateral information is available from Soviet scientists who have

taken data aboard moving platforms [Ben'kova et al, 1978; Vasil'yev et al,
1979]. These investigations utilized vertical incidence (bottomside sounders)
aboard the R/V Akademic Kurchatov and Zarya during the period 1959-1977. In
the first paper, the soviet workers characterized the F-region irregularity
zone as consisting of two "additional stratifications" centered about the
geomagnetic equator. These stratifications are typically observable during
daytime however and unless the effects are limited by the observational
technique are not directly relatable to nocturnal ESF phenomena. They are
like~y just manifestations of the well-known Appleton anomaly. In their
second paper a more concerted effort was directed toward investigation of
spread F. Even so, only daytime spread F was considered (between 0700 and
1900 LMT). The main point to be emphasized from these studies is that the
probability of "spread F" increases with solar activity as does the latitude

zone of the disturbance.

4.3 L-Band Scintillation Data

The strong intensity of the UHF scintillation observed during the

Hayes expedition precludes specification of an unambiguous diurnal and
geographical distribution of equatorial irregularities responsible for tile
effect. However, the expanded latitudinal distribution is quite noteworthy.
The L-band signals from the GPS satellite obtained during a portion of tle
expedition may partially assist in the elucidation of the irregularity
formations. In particular, since the Total Electron Content (TEC) ot the
ionosphere may be extracted from the GPS data, it may be possible to correlate

depletion zones with the observed scintillation [Klobuchar, 1978; Yeh et al,
1979]. Of primary interest is the location of the crests of the Appleton
anomaly in the Northern and Souther hemispheres. Since the scintillation
amplitude is likely to be the product of ambient density and irregularity
amplitude, scintillation might be expected to be larger near tile crest than

7



within or on the poleward sides. However, this is an heuristic deduction and

not a rigorous argument. Nevertheless, it has been recently shown that Gliz

scintillation is abnormally pronounced near Ascension Island, not far to tne

east of the near-equatorial Hayes measurements [Aarons et al, 1961]. This
intense scintillation is not replicated at similar geomagnetic latitudes away

from the Atlantic basin.

Figure 29 due to Klobuchar [1981] shows the L-band scintillation which was

observed at Ascension Island during January - February 1981. Analysis ot tnt

NRL Hayes GPS data is now being pursued with the highest priority.

4.A Comparison with the SRI Model

According to the model of scintillation developed by Fremouw and Rino

t19781, the scintillation index S4 exhibits twin peaks, the midpoint of
which lies on the geomagnetic equator. The diurnal pattern of this feature is
illustrated in the sequence of Figures 30-32. (The plots are contours of
scintillation index at fixed Universal Times for the case of 250 MHz
transmissions from FLTSATCOM located at 00 latitude and 23 0 W. The shaded
region is the zone for which S4 is greater than or equal to unity accoruing

to the model. (Solar maximum conditions are assumed with the 10.7 cm solar
flux index = 200, and k = 6). The model suggests that the S4 

= 1
condition is a relativey narrow bifurcated band of latitudes. On the other
hand, the Hayes data indicates that the S4 = I condition is significantly
larger than this and perhaps encompassing virtually all of the South American
latitude region. This discrepancy is now being scrutinized very carefully.
It is remarked that in the American Sector the magnetic equator lies 120 S of
the geographic equator at 85°W geographic latitude. Furthermore, the
geomagnetic field strength is relatively lower in the American Sector than
other zones, say the Asian Sector. These distinguishing features in thp

American zone make the results obtained during the Hayes expedition quite
interesting.

1.5 Solar and Magnetic Activity

For completeness, a comment on solar and magnetic activity is in
order. Figures 33-35 show the International sunspot number (RI), the 10.7
cm flux index, and the Fredericksburg "A" index respectively. It is clear

that the solar activity is quite large during the observation period.
However, the magnetic activity levels were not particularly large except on
isolated occasions; its impact may have been minor. It has been suggested
that whereas solar activity has a positive effect on equatorial scintillation
levels, the impact of magnetic activity control is to diminish the S4
index. If this is the case, we have the situation for which values of both ot

the external "driving functions - RI and A" serve to enhance scintillation

around the equatorial zone.

5.0 Concluding Remarks and Recommendations

The scintillation data obtained during the 1981 expedition of the
USNS Hayes exhibited all of the usual features one would have expected; strong
saturated scintillation only at nighttime with rapid and steep onset near the
equatorial zone, somewhat irregular diurnal behavior suggesting pathiness,
scintillation which is stronger in the pre-midnight period than the
post-midnight period, and stronger scintillation surrounding the dip equator
than at the equator itself.
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However there were some interesting features observed which were not tuliy
anticipated. First, it was found that scintillation occurred at much greater
dip latitudes than predicted or observed previously. This suggests that the
seat of the irregularities is influenced by a combination of forces which (a)
causes the equatorial fountain to operate more efficiently and (b) which
drives the equatorial plumes to higher altitudes than might be exptcted. Th,'
maximum dip latitude at which scintillation was observed was about +230.
The field lines passing through these latitudes pass over the dip equator at
an altitude of approximately 2200 ki. This is certainly consistent with the
recent findings of Benson [1981] based upon Alouette and ISIS I data.
However, as indicated in tile report, the effectiveness of irregularity mapping
to higher latitudes is crucially dependent upon the position of the Appleton
anomaly. Evidently the anomaly itself is expanded during solar maximum
conditions. It is unlikely that the predicted anomaly crest position of
+160 (in dip latitude) could sustain strong scintillation at +230 (dip

latitude).

To recapitulate, we think that the larger values ol solar activity
observed during the 1981 Hayes observations were conducive for the deve lupment
of enhanced TxW forces (via the E-region dvnamo) which served to raise tie F2
plasma altitude and resulted in a greater poleward expansion of the Applet',n
anomaly crests. At the same time the enhanced phase dritts steepened tie
bottomside gradient of plasma density more markedly over the tquator yieldin5
a situation favoring the development of plasma iluctuations. The large plasma
depletions, thus formed, were driven upward by the ExB polarization fields.
These depletions, or plumes, are thought to cascade into an hierarachv of
irregularities as they ascend to the topside F region. Because of their
greater probability of formation, given the conditions cited, and the greater
initial velocity during solar maximum conditions, there exists a greater
likelihood that scintillation-producing irregularities will be mapped (aion
field lines) to the geomagnetically-distended latitudes traversed by the 'S:;.
Haves. However this is not totally sufficient. Because the anomal% crest,
were also distended in latitude (i.e., poleward) during the observation
period, the radiowave scintillation zone was also expanded. This would
explain the results.

The current work is based upon an ad-hoc opportunity provided by an
oceanographic expedition of the USNS Hayes. However, the experiment was
clearly nor-optimum from the point of view of separating out seasonal from
other factors such as solar and magnetic activity. Also the Haves cruise
favored the southern hemisphere and the data base was accordingly limited in
the Northern zone of the Appleton anomaly. Given the sporadic nature ot
scintillation, general conclusions based upon the current data sets must be
reached with caution as a result of these factors.

Were opportunities to arise again to obtain maritime scintillation data,
it would be advisable to interact fully in tile development o t the operations
plan to achieve a balanced set of latitudes at which data is obtained. From a
scientific point of view it is recommended that future scintillation data b,
obtained in concert with bottomside ionosonde data obtained from a s :mner
located on the ship. All future operations should also include GPS data
collection as well.

Immediate future plans include processing the L-band GPS data obtained
during the Jan-April expedition of the ISNS Hayes. Hopeiully more insight
will be gained by incorporation of these data sets. This specificallv refers

9



to tihe TEC variations which may be obtained unequivocally. Position ot the

anomaly and its relationship to UHF scintillation may be obtained as a result.
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GEOGRAPHIC LATITUDE OF SHIP AT 12:(i0 GMlT EACH DAY
DURING THE CRUISE OF THE USNS HAYES
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Fig. 5 -Geographical latitude variation of ship position
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AN.-'SSR-1 AGC CALIBRATION CLJRUE
FOR THE CRUISE OF THE USHS HAYES
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Fig. 7 -AN/SSR-l calibration curve. A dynamic range of
about 50 dB is indicated.
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?1ANIJUM UHF SCINTILLATIO14 OBSERVED EACH DAY B' THE ESP-1
DURING THE CRUISE OF THE US14S HAYVES
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Fig. 8 -Maximum quarter-hourly IJIIF peak-to-peak scintillation (dfi)
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MAXIMUM UHF DEPTH OF FADE OBSERV~ED EACH DAY BY THE SSR-1
DURING THE CRUISE OF THE USNS HAYES
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Fig. 10 - Representation of the daily variation of the maximum quarter-hourly

peak-to-peak scintillation (diB). lhe circle size is proportioned to the

magnitude of the scintillation and should not be confused with an "area" of

scintillation. The actual data points are at the center of the circles.
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Fig. 13 - Daily variation of the geomagnetic dip angle
during the Hayes expedition
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MAXIMUN UHF SCINTILLATION -WS- MAGNETIC DIP ANGLE
FROM THE CRUISE OF THE USN4S HAYES
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Fig. 14 - Maximum daily quarter-hourly values of peak-to-peak

scintillation (dB) versus magnetic dip (I) angle.
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IAXIMUM UHF DEPTH OF FkDE -US- MAGNtETIC DIP ANGLE
FROM THE CRUISE OF THE USNS HAYES

E
p 40
T
H

0 
+F Z " + + + +

A + + 
4- 44

C, + 4.
E 20 +

+

10

P +

+

0
-70 -30 -to 10 30 50

MAGNETIC DIP ANGLE - DEG

Fig. 15 - Same as Figure 13, except fade depth (dB) is considered
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NUMBER OF SCINT. OBS. 20 DS -US- MAGNETIC DIP ANGLE
FROM THE CRUISE OF THE USNS HAYES
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Fig. 16 Same as Figures 13 and 14, except the number of occurrences

for which the maximum quarter-hourly peak-to-peak scintillation exceeded

20 dB is considered.
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AUERAGE MAXIMUH UHF SCINTILLATION -iJ- DIP 414CLE
FROM THE CRUI$E OF THE USNS HAE
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Fig. 17 - (A) Average maximum U11F scintillation vs. dip Angle.

(B) Number of occurrences used in average.
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AVERAGE MAXIiUM UHF FADE DEPTH -0S- DIP A14GLE
FROM THE CRUISE OF THE UtiNc, HAYES
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Fig. 18 - (A) Average maximum UHF signal fade depth vs. dip angle.

(B) Number of occurrences used in avernge.
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AVG NUMBER OF SCINT. OBS. , 20 Do -WS- DIP ANGLE
FROM THE CRUISE OF THE JStS HAYES
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Fig. 20 - Time advance (prior to local midnight) at which

30 dB scintillation was observed
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TINE P T 14HICH UHF SCINTILLATION " 20. £, .L. FIPST O EF.L E-,
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Fig. 21 - Time advance (prior to local midnight) at which
20 dB scintillation was observed
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Fig. 22 -Time advance (prior to local midnight) at which
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SSR-1 OBSERVED ACC FROM USMS HAYES
DATE: 810323 LAT: -12.95 L014: -:38.63
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Fig. 24 - ACC level variations vs. CMT for March 23, 1981. 'The mean signal
level is approximately 27 dB in this case (arbitrary dB scale).
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SSR-1 OBSERVED MAX-MIN AGC FROM USHS HAYES
DATE: 810323 LAT: -12.95 LON: -38.63
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Fig. 25 - Range of AGC level variations (dB) versus GMT for 23 March 1981.
The larger vertical "tick-mark" at 0300 CMT is local midnight. Note the
sharp onset of scintillation approximately five (5) hours prior to midnight
(shortly following sunset) and its gradual albeit erratic decay following
midnight.
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SSR-1 OBSERVED MAX-MIN AGC FROM UStNS HAYES
DATE: 810128 LAT: -38.03 LOH: -S7.51
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Fig. 2h - same as Figure 15, except for January 28, 1981
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DISTRIBUTION OF AGC DATA FROM HAYES
DATE: 810406 LAT: 8.66 LONl: -44.97

199
Be A(FR) = it9 F0.7 = 235.2

SSN = 132

49
U # OBS = 96U
M

B
E
R

0 19
BS 9

E 6
R

E 4
D

2

5 19 15 20 25 30 35 40
MAX-MIN AGC IN DB

Fig. 27 - Distribution of fading depths for April 6, 19P]
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DISTRIBUTION OF AGC DATA FROM HAYES
DATE: 818121 LAT: -24.79 LO: -34.48
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Fig. 28 - Distribution of fading depths for January 21, 1981
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INTERNATIONAL SUNSPOT NUIIBER FOR EACH DAY
DURING THE CRUISE OF THE USNS HAYES
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Fig. 33 - Sunspot number R vs. day of expedition
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OTTAWA 10.7 CM SOLAR FLUX FOR EACH DAY
DURING THE CRUISE OF THE USHS HAYES
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Fig. 34 - 10.7 cm solar flux vs. day of expedition
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FREDERICKSBURG "A' INDEX FOR EACH DAY
DURING THE CRUISE OF THE US14S HAYES
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Fig. 35 - Magnetic activity index A vs. day of expedition
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